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157] ~ ABSTRACT

The beam forming means and static convergence cor-
recting means in a color cathode ray tube are arranged
to provide for proper convergence of the beams at
regions remote from the center of the screen and closer
to the corners. The resulting misconvergence at the
center of the screen is then corrected by dynamic con-
vergence correcting means which produces less beam

distortion then if it had to correct misconvergence at
the corners.

10 Claims, 13 Drawing Figures
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CONVERGENCE MEANS FOR COLOR CATHODE
RAY TUBE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to convergence correction
apparatus for color cathode ray tubes and particularly
to apparatus that includes static and dynamic conver-
gence correcting devices, at least the latter of which 1s
a magnetic correcting device.

2. Description of the Prior Art

It has been the practice heretofore to provide proper
focusing and convergence of the electron beams of a
color cathode ray tube at the center of the screen when
the magnetic deflection fields are not present and there-
fore are not contributing to any distortion of the beam
or to any misconvergence. However, as the beams are
deflected away from the center of the screen and partic-
ularly at the most distant locations in the four corners of
the screen, the beams are subjected to magnetic fields
and in some cases to electrostatic fields that cause the
beams to strike different locations instead of being con-
verged to a small area and further cause the cross sec-
tions of the beams to be distorted. Both of these effects
cause the quality of the image to be deteriorated at the
corners of the picture.

In addition, the change of beam size due to distortion
affects the current density. Steps taken to correct the
misconvergence at the corners still may leave the cur-
rent density uncorrected. Since the luminance of the
different phosphors is relatively linear only up to a
certain maximum amount and is then saturated, and the
point of saturation is different for the different phos-
phors, the hue of the image will be incorrect at the
corners due to the fact that one of the phosphors will
start to saturate first.

OBJECTS AND SUMMARY OF THE
INVENTION

It is one of the objects of this invention to provide a
stmpler and better convergence arrangement for a color
cathode ray tube.

Another object is to provide more uniform color
balance over the entire cathode ray tube screen.

A further object is to provide improved convergence
of the beams of a multibeam color cathode ray tube
without producing high distortion of the beams.

Further objects will become apparent from the fol-
lowing description including the drawings.

In accordance with this invention a multibeam color
cathode ray tube, particularly a tube of the general type
shown and described in U.S. Pat. No. Re 27,751, has a
static convergence correction device, such as a set of
electrostatic deflection plates with applied voltages of
the magnitude to cause static convergence of the beams
at the corners of the cathode ray tube. The result is
misconvergence at the center. However, the miscon-
vergence at the center i1s corrected by a dynamic cor-
rection device that causes the beams to converge at a
time when the beams are not also being subjected to the
magnetic deflection fields.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a simplified cross sectional view of the
electron gun region and part of the convergence and
deflection coils of a color cathode ray tube.
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FIG. 2 illustrates the relationship between the dy-
namic convergence apparatus and the electron beams in
the device in FIG. 1 when operated according to the
prior art. |

FIGS. 3 and 4 1llustrate two types of misconvergence
of electron beams on a cathode ray tube screen in a tube
of the type represented in FIG. 1.

FIG. 5 1s a waveform of correction current applied to
the dynamic correction device in FIG. 1 according to
the prior art.

FIG. 6 1s a waveform of a modified correction cur-
rent to correct for the misconvergence shown in FIG.
4. ;

FI1G. 7 illustrates the proper cross sectional shape of
an electron beam in a tube of the type shown in FIG. 1.

FI1G. 8 shows a typical distortion of the cross sec-
tional shape of the beam in FIG. 7.

FIG. 9 shows a beam pattern similar to that in FIG. 3
but with static correction applied according to the pres-

ent invention. |

F1G. 10 shows a beam pattern corresponding to that
in FIG. 4 but with proper static convergence according
to the present invention.

FIG. 11 is a waveform of dynamic convergence cor-
rection current to effect convergence of the beams hav-
ing the type of misconvergence shown in FIG. 9.

FIG. 12 1s a waveform of the current applied to a
dynamic convergence correction device according to
the present invention to correct misconvergence of the
type illustrated in FIG. 10.

FIG. 13 is a graph of luminance versus beam current
for different phosphors.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The cathode ray tube in FIG. 1 includes means for
forming three electron beams. In the embodiment illus-
trated the tube is provided with three cathodes K, K
and K as the origin of the three beams. The cathodes
are supported by insulating means within a control grid
G, that has appropriately spaced apertures for the three
beams. In front of, and spaced slightly from, the first
grid is a second grid G, that also has appropriately
spaced apertures. Beyond the second grid G,, that is, to
the right of that grid as shown in FIG. 1, is the beam
focusing structure that includes a three-element elec-
tron lens consisting of three generally cylindrical elec-
trodes identified as G;, G, and G;. Commonly elec-
trodes Gj3 and G are directly electrically connected
together and are operated at or close to the most posi-
tive voltage of the tube. ~

Beyond the electrode Ggis an electrostatic conver-
gence structure 1 comprising an inner pair of deflection
plates 2 and 3 juxtaposed, respectively, with a pair of
outer deflection plates 4 and 5. The plates 2 and 3 are
electrically connected together to a voltage terminal E,
and the plates 4 and 5 are electrically connected to-
gether to a terminal E..

External to the tube in FIG. 1 are an electromagnetic
convergence device 6 and part of a deflection yoke 7.
The latter 1s arranged to deflect the electron beams, for
the most part, after they have been subjected to conver-
gence forces by the structure 1 and the structure 6.

The cathodes Kz, K;and K zare preferably located in
the same plane, which may be considered to be the
plane of the drawing. The cathode Kis at the center at
the axis of the tube and the other two cathodes are
parallel to the cathode K ;and equally spaced from it on
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opposite sides. The beams originally emitted from the
cathodes are substantially parallel until they reach a lens
identified as L, formed generally by electrostatic fields
in the region between the second grid G, and the anode,

or third grid, G,. This lens is commonly called an auxil-
1ary lens. The focal length of the auxiliary lens is such
that it causes the three beams to intersect in the lens

region L,,approximately centrally located in the three-
element lens formed by the electrodes G;-Gs. As is now
well known, this permits the three beams identified as
R, G and B to be focused by nearly the same electro-
static field in the three-electrode lens so as to minimize
distortion of the spots produced by the electron beams
at the screen (not shown). After passing through the
lens field L., and being focused thereby (an action
which is not illustrated), the beams diverge along con-
tinuations of the lines by which they entered the lens
field L, The beam that will eventually strike green
phosphor elements and is therefore identified by the
reference character G, continues along the tube axis
midway between the deflection plates 2 and 3. Since
these plates are at the same voltage, the beam G is not
substantially affected by the voltage on those plates.
The beam B passes between the plates 2 and 4 and the
beam R passes between the plates 3 and §. Since these
beams originate at points that are symmetrically dis-
placed with respect to the beam G, and since the deflec-
tion plates of the structure 1 are also substantially sym-
metrically arranged, voltages applied to the terminals
E, and E, deflect the beams B and R to intersect the
beam G once more at the region of the screen of the
cathode ray tube. In accordance with prior technology,
if the screen has a 22 inch size, the voltage E;, which is
considered the anode voltage of the tube, is approxi-
mately 1300 volts higher than the voltage E,. This volt-
age brings the three beams together at the center of the
cathode ray screen and is referred to as the static con-
vergence correction condition. It 1s illustrated in either
F1G. 3 or FIG. 4 by the single dot at the center of the
screen S of those two figures.

The dynamic convergence correction device 6 is
located at substantially the same point on the Z-axis of
the cathode ray tube as the static convergence correc-
tion device 1. As shown in FIG. 2, the dynamic conver-
gence correction device 6 comprises two U-shaped
magnetic cores 8 and 9. A coil 10 is wound on the core
8 and a similar core 11 is wound on the core 9. The coils
are connected in series and are polarized so that the
current of a given polarity following through them will
produce magnetic fields in the cores 8 and 9 to result in
north and south magnetic poles N and S as 1llustrated in
FIG. 2. The direction of flux across the poles of the core
8 and across the poles of the core 9 is indicated by the
reference character H,. Flux between the upper ends of
the cores 8 and 9 and between the lower ends of these
cores i1s denoted by reference character H,. The ar-
rangement of the cores 8 and 9 1s called a four-pole
construction. The forces produced by magnetic fields of

the cores 8 and 9 acting on electron beams B, G and R 60

are indicated as the forces F; and F,. The force F, is
produced by the flux H,; and the force F,is produced by
the flux H,. In the simplified representation in FIG. 2,
these forces are illustrated as being substantially perpen-
dicular to the respective magnetic fields that cause
them, and the combined effect of these forces is to flat-
ten the beams vertically and to spread them apart hori-

zontally.
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The beam pattern produced on the screen S of a
cathode ray tube in accordance with the prior art is
indicated in FIG. 3. At the center of the screen S, the
three beams are caused to converge to a single dot by

electrostatic fields on the deflection plates 2-5. These
plates are not illustrated in FIG. 2, but would be located
in a manner consistent with the cross sectional view

illustrated in FIG. 1 so that the electrostatic fields act-
ing upon the beams B and R would both be horizontally
inward in FIG. 2 to cause them to intersect at the center
of the screen S in FIG. 3. The type of misconvergence:
tllustrated in FIG. 3 varies only horizontally and not
vertically and, in accordance with the teachings of the
prior art, has heretofore been corrected by applying a
parabolic current of the type shown in FIG. 5§ to the
coils 10 and 11 in the dynamic convergence correction
structure 6 in FIG. 2. This parabolic current has a perio-
dicity of 1H corresponding to the horizontal deflection
frequency.

FIG. 4 shows another typical misconvergence pat-
tern, and FIG. 6 shows the prior art convergence cor-
rection current applied to the coils 10 and 11 in FIG. 2.
The misconvergence illustrated in FIG. 4 has both a
horizontal and a vertical component and therefore the
correction current waveform in FIG. 6 includes a para-
bolic horizontal component 1H and a parabolic vertical
component 1V. The combined currents reach a maxi-
mum when the beams are deflected to the four corners
of the screen S.

FIG. 7 represents the cross section of any one of the
beams R, B or G when the current flowing through the
dynamic convergence correction structure 6 in FIG. 2
is zero under the conditions of the prior art. That is, the
correction current applied to the coils 10 and 11 in the
structure 6 is zero and the beams are not deflected from
the center of the screen S. However, when the beams
are deflected toward the corners under the conditions
of the prior art, which requires that the current through
the coils 10 and 11 be at the peak values shown in FIG.
S to correct the type of misconvergence in FIG. 3 or at
the peak values shown in FIG. 6 to correct the type of
misconvergence in FIG. 4, the beams are flattened as
illustrated in FIG. 8. This is due to the force F, pulling
the electron beams horizontally so as to spread them
apart and the force FF, compressing the beams vertically.
This distortion of the beams adversely affects the qual-
ity of the television picture, mainly by adversely affect-
ing the focus of the beams at the outer part of the
screen. |

The present invention overcomes the disadvantage of
the prior art by changing the convergence correction
fields. In accordance with the present invention, an
anode voltage E, supplied to the inner deflection plates
2 and 3 of the static convergence device 1 and the con-
vergence voltage E, applied to the outer deflection
plates 4 and S are more nearly at the same level than in
the prior art. For example, the difference between the
voltage E;and the voltage E.may be lower, thus creat-
ing a different convergent lens than the prior art. This
can be accomplished by making the voltage E. only
about 1100 volts lower than the anode voltage E, for a
22 inch color cathode ray tube instead of 1300 volts in
accordance with the prior art. This causes the beams to
be properly converged at the outer sides of the screen S
in the case of a cathode ray tube having a misconver-
gence only in the horizontal direction as shown in FIG.
9. The dynamic correction current applied to the coils
10 and 11 from a source 12 is of the type shown in FIG.
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11, which has the same parabolic waveform shown in
FIG. 5 but which reaches zero value when the electron
beams are deflected to the edges of the screen. This
parabolic current has a negative value that reaches a
maximum value when the beams are at the center of
each horizontal line, and little or no dynamic conver-
gence force is applied by the magnetic field when the
beams are at the ends of each line.

In the case of a tube having both horizontal and verti-
cal components of misconvergence, the reduction in the
voltage difference between the inner deflection plates 2
and 3 and the outer deflection plates 4 and 5 eliminates
misconvergence at the corners of the screen S as shown
in FIG. 10. The correction current applied to the coils
10 and 11 from a source 12 must be of the type illus-
trated in FIG. 12. This current has the same waveform
as the correction current shown in FIG. 6 but reaches
zero value at the corners of the screen and a maximum
negative value at the center of the middle line of the
raster. |

The current values required for dynamic conver-
gence correction in accordance with this invention and
as illustrated in FIGS. 11 and 12 do not necessarily have
the same magnitudes as the current values in FIGS. §
and 6. When the beams are in the exact center of the
screen, they are not subjected to any deflection fields,
which, when present, have not only a deflecting effect
but a focusing effect that is a function of the deflection
current and of the configuration of the deflection yoke
7. As a result dynamic convergence current may be less
than in the case of the maximum dynamic convergence
current in FIGS. 3 or 6. The magnetic field produced 1n
the structure 6 in FIG. 2 is, in effect, a magnetic lens
that has unequal horizontal and vertical effects on the
beams. In the case of the present invention, this lens has
maximum power due to maximum current when the
beams are at the center of the screen and are thus not
subjected to the combined lens and prism effects of the
deflection yoke 7 shown in FIG. 1. As a result the
beams B, G and R are not distorted in the manner
shown in FIG. 8 or at least are distorted less than under
the conditions of the prior art. This produces a picture
of relatively uniform high resolution, not only at the
outer part of the screen, but in the central region.

FIG. 13 shows the relationship between luminance
and beam current for three typical phosphors used in
color cathode ray tubes. For low beam currents the
luminance of all three phosphors varies substantially
linearly with the beam current. At a certain beam cur-
rent the green phosphor begins to saturate so that addi-
tional current does not produce a corresponding addi-
tional green luminance. In the absence of any correcting
circuits, if the beam current extends to a high enough
value for all three phosphors so that the green phosphor
is saturated, an image of a white object would take on a
magenta hue due to an excess of red and blue light with
respect to the green.

When the convergence correction device 6 is used in
accordance with the prior art, maximum distortion of
the beam spots occurs at the outer parts of the screen S.
The beam distortion concentrates the beams at the outer
parts of the screen and thus produces the effect of ex-
cess beam current, even if the current remains constant.
The reason is that the constant current is concentrated
into a smaller area by the distortion and thus the phos-
phor elements are subjected to increased current den-
sity. This produces the same adverse effect on hue as if
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the current had simply been increased without beam
distortion. S

By correcting the beam convergence according to
the present invention, there is relatively little distortion
of the beams at any part of the screen S and thus there
1s less tendency to have a high density that will ad-
versely effect the color balance. - |

What is claimed is: ~

1. A convergence correction system for a color cath-
ode ray tube comprising a fluorescent screen and means
to produce three electron beams, said system compris-*
ing a deflection yoke to deflect said beams at line repeti-
tion rate in a raster pattern repeated at field repetition
rate on said screen, and system further comprising:

static convergence correction means to cause said

beams to be substantially fully converged to com-
mon points at certain outer regions of said screen
and to be only partially converged at the central
region of said screen; and

magnetic, dynamic, convergence correction means

comprising a coil and current-generating means
connected thereto to supply to said coil a magnetic
convergence correction current that has a repeti-
tive waveform with a maximum magnitude when
said beams strike the central region of said screen
and a lesser magnitude when said beams are de-
flected to strike said certain outer regions of said
screen to cause said coil to produce a magnetic
convergence field of greatest intensity when said
beams strike said central region, whereby said
beams are substantially fully converged at said
central region.

2. The convergence correction system of claim 1 in
which said static convergence correctlon ‘means com-
prises:
electrostatlc deflection means w1th1n sald tube and

positioned therein between said means to produce
sald beams and the location of said deﬂectlon
means; and - SRR
substantlally constant voltage means connected .to
said electrostatic deflection means to apply thereto
deflection voltages of magnitudes sufficient to
cause said beams to converge to common points at
the outer region of said raster pattern and less than
sufficient to cause said beams to converge to a
common point at the center of said raster pattern.

3. The convergence correction system of claim 1 in
which said vurrent-generating means comprises means
to generate a correction current in which said repetitive
waveform comprises parabolic segments of substan-
tially equal amplitude and the same repetition rate as
said Iine repetition rate.

4. The convergence correction system of claim 3 in
which said current-generating means generates a cur-
rent having second substantially parabolic waveform
segments at a repetition rate equal to the field repetition
rate of said raster, said first-named correction current
and said second current being connected additively to
said magnetic dynamic convergence correction means
and the additive value of said first-named current and
said second current being substantially equal to zero
when said beams are deflected substantially to the cor-
ners of said raster.

3. A convergence correction system for a color cath-
ode ray tube comprising a fluorescent screen and means
to produce three electron beams directed generally
toward said screen, said system comprising a magnetic
deflection yoke located on said tube in a region between
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said means to produce said beams and said screen to
deflect said beams in a raster pattern on said screen in
response to deflection currents applied to said deflec-
tion yoke, said deflection yoke producing an electron
lens with a strength that is a function of the deflection
current and is substantially zero at the center of said
raster, said system further comprising:
electrostatic static convergence deflection plates in
said tube in a region between said means to pro-
duce said beams and said region on which said
deflection yoke is located, said deflection plates
having a fixed voltage applied thereto to produce a
static convergence field to converge said beams in
combination with the focusing effect of said yoke
when said beams are deflected by said yoke to the
outermost parts of said raster;
magnetic dynamic convergence means defining a lens
field and comprising a coil; and
means to generate a convergence correction current
to be applied to said coil to cause said magnetic
dynamic convergence means to produce a mag-

5
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netic electron lens having different horizontal and

vertical strengths, the magnitudes of said strengths
being a function of the magnitude of said current
and varying from substantially zero when said
beams are deflected to the outermost parts of said
raster to a maximum when said beams are not de-
flected from the center of said raster, whereby said
beams are converged at the center of said raster by
the combined effects of said statis convergence
field and said lens field of said magnetic dynamic
convergence means when said deflection current in
said yoke is substantially zero.

6. A convergence correction system for a color cath-
ode ray tube comprising a fluorescent screen and means
to produce three electron beams, sais system comprising
a deflection yoke to produce a deflection field to deflect
all of said beams simultaneously in a rectangular raster
pattern comprising a plurality of substantially parallel
lines generated on said screen at line repetition rate, said
system further comprising:

static convergence means to produce, in cooperation

with the deflection field of said yoke, a conver-
gence field to cause said beams to be substantially
fully converged to common points only when said
beams are deflected to outer regions of said raster
pattern;
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magnetic dynamic convergence correction means
comprising a coil and current generating means
connected thereto to supply to said coul a conver-
gence correction current comprising a parabolic
waveform repetitive at said line repetition rate, said
current having a maximum magnitude when said
beams are directed to the central region of said
screen and substantially zero magnitude when said
beams are deflected to said outer regions of said
raster pattern. |

7. The method of correcting convergence of electron:

beams on a color cathode ray tube screen, said method

comprising the steps of:
statically converging the beams near outer regions of
the screen; and |
imposing additional dynamic magnetic convergence
ficlds on selective ones of said beams, said dynamic
magnetic convergence fields having maximum in-
tensity when the beams are in the central region of
the screen to converge the beams in said central
region. |
8. The method of correcting convergence of a plural-
ity of electron beams disposed in spaced relation sub-
stantially in a common plane and deflected along a
series of lines defining a rectangular raster, said lines
being substantially parallel to said plane and being the
points of interception of said beams with a cathode ray
tube screen, said method comprising:
statically deflecting said beams selectively parallel to
said plane to cause all of said beams to converge at
the corners of said raster; and

selectively imposing on said beams dynamic magnetic

convergence fields having maximum intensity
when the beams strike the central region of the
raster, said dynamic convergence fields applying
converging force to said beams in a direction paral-
lel to said plane and substantially perpendicular to
said beams.

9. The method of claim 8 in which said dynamic,
magnetic, convergence fields have minimum intensity
when beams are deflected to each end of each of said
lines.

10. The method of claim 8 in which said dynamic
magnetic convergence fields have minimum intensity
only when said beams are deflected to the corners of

said raster.
: % * i 3k
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